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Description 

METHOD AND APPARATUS FOR 
DETERMINING VEHICLE OPERATING 
CONDITIONS AND PROVIDING A 
WARNING OR INTERVENTION IN 
RESPONSE TO THE CONDITIONS 

Background of Invention 

[0001] The present invention relates generally to hazard avoid- 
ance for automotive vehicles, and more particularly, the 
present invention provides a control system for determin- 
ing a desired path and an intended path in relation to the 
vehicle conditions to advise or guide the vehicle operator. 

[0002] Trucks and sport utility vehicles have a high center of 

gravity. Therefore, trucks and SUVs have a greater risk for 
rollover conditions partly due to usage and driver errors. 
Systems are known by which the vehicle conditions are 
monitored through various sensors to prevent the vehicle 
from yawing or rolling over. Such systems are referred to 



in the industry as yaw stability control systems and 
rollover stability control systems. Such systems wait until 
the vehicle reaches some limit and intervention in spite of 
the driver's operation is provided to the vehicle to prevent 
yawing out or rolling over. 
[0003] | n some situations, it may be desirable to provide the ve- 
hicle operator with an indication of a potential instability 
of the vehicle prior to losing control. This will provide the 
vehicle operator an opportunity to correct the situation 

based on the conditions. 
Summary of Invention 

[0004] The present invention provides a system to generate a 

warning for the system based on a global positioning sys- 
tem, driver inputs, and vehicle inputs. The system pro- 
vides a warning to the vehicle operator prior to the vehicle 
becoming uncontrollable. In the event that unstable con- 
ditions persist, intervention may be performed by the 
present system. 

[0005] | n 0 ne aspect of the invention, a control system for a ve- 
hicle includes a GPS system that generates a vehicle posi- 
tion signal for a vehicle relative to a surface, a plurality of 
driver inputs, a plurality of vehicle inputs, and a con- 
troller. The controller is coupled to the GPS system, the 



plurality of driver inputs, and the plurality of vehicle in- 
puts. The controller determines a predicted path in re- 
sponse to the plurality of driver inputs and the vehicle in- 
puts and a desired path in response to the GPS system. 
The controller performs a comparison of the predicted 
path and the desired path. The controller generates a 
control signal in response to the comparison. 
[0006] | n a further aspect of the invention, a method of control- 
ling an automotive vehicle includes generating a vehicle 
position signal for a vehicle relative to a surface, generat- 
ing a plurality of driver inputs, generating a plurality of 
vehicle inputs, determining a predicted path in response 
to the plurality of driver inputs and vehicle inputs and the 
desired path in response to the CPS system, performing a 
comparison of the predicted path and the desired path, 
and generating a control signal in response to the com- 
parison. 

[0007] one advantage of the invention is that a warning can be 
provided to the vehicle operator based on the conditions 
of the road, the predicted path, the desired path, and may 
take into consideration the vehicle conditions. 

[0008] other advantages and features of the present invention 
will become apparent when viewed in light of the detailed 



description of the preferred embodiment when taken in 
conjunction with the attached drawings and appended 
claims. 

Brief Description of Drawings 

[0009] Figure 1 is a block diagrammatic view of a control system 
according to the present invention. 

[0010] Figure 2 is a flow chart of one method of operating a con- 
trol system according to the present invention. 
Detailed Description 

[0011] The following figures are described with respect to a sys- 
tem for generating a driver warning and providing inter- 
vention to avoid a loss of control condition. Those skilled 
in the art will recognize that one or the other types of 
systems may be controlled by the control system. Also, 
although a number of different types of driver inputs and 
vehicle inputs are illustrated, not all of the inputs are re- 
quired in a commercial embodiment. 

[0012] Referring now to Figure 1, an automotive vehicle 10 has a 
control system 12 used for warning the vehicle operator 
of a condition and providing an intervention should the 
conditions persist. The control system 12 includes a con- 
troller 14 that is preferably microprocessor-based. The 



controller 14 has various inputs and outputs as will be 
described below. 

[0013] Control system 12 includes a global positioning system 

(GPS) receiver 16 that has an antenna 18 that receives sig- 
nals from a satellite or other fixed source such as a cell 
tower. GPS receiver 16 generates a position signal 20. The 
GPS receiver 16 may also generate a lateral acceleration 
signal 22, a longitudinal velocity signal 24, a pitch angle 
26, and a yaw angle 28. Each of the signals 20-28 are 
provided to controller 14. These signals may be measured 
in different ways including determining the Doppler shift 
of the GPS receiver signals as is known in the art. The po- 
sition signal 20 provides the vehicle position relative to a 
surface on the earth. The lateral velocity signal 22 pro- 
vides the lateral or sideways velocity of the vehicle. The 
longitudinal velocity provides a longitudinal indication of 
the vehicle. The pitch angle 26 and yaw angle 28 may be 
derived from the lateral velocity and longitudinal velocity. 
The pitch angle is the elevational angle from front to rear 
of the vehicle. The yaw angle is the amount the vehicle is 
rotated relative to the longitudinal direction. 

[0014] Controller 14 may also be coupled to driver input 40. 

Driver input 40 may include various controls that are op- 



erated by the vehicle operator. The driver input 40 may 
include a steering wheel angle signal from a steering 
wheel angle sensor 42. The steering wheel angle sensor 
42 provides an indication of the position of the hand 
wheel of the vehicle. An accelerator pedal position 44 
generates an acceleration pedal position signal that is 
provided to controller 14. The accelerator pedal position 
14 may be provided by a throttle position sensor or a di- 
rect sensor on the accelerator pedal. The accelerator pedal 
position 44 provides the controller 14 with the amount of 
desired operator input on the accelerator pedal. A brake 
pedal position sensor 46 generates a brake pedal position 
signal that is provided to the controller 14. Brake pedal 
position sensor 46 provides an indication of the amount 
of driver input desired for the brake pedal. 
[0015] Vehicle input 50 may also be provided to controller 14. 
Vehicle inputs 50 include vehicle speed sensor 52 gener- 
ating a speed of the vehicle. Various sensors may be used 
to provide the vehicle speed including toothed wheel sen- 
sors provided by ABS systems. The toothed wheel sensors 
provide pulses that are averaged at each wheel to deter- 
mine the vehicle speed. Those skilled in the art will recog- 
nize that other types of sensors may provide vehicle 



speed such as a transmission sensor. Vehicle speed may 
also be derived from the GPS system 16. A longitudinal 
acceleration sensor 54 may provide a longitudinal acceler- 
ation signal to controller 14. Of course, those skilled in 
the art will recognize that the longitudinal acceleration 
may be derived from the change in vehicle speed from ve- 
hicle speed sensor 52. A yaw rate sensor 56 provides a 
yaw rate signal to controller 54. The yaw rate is the 
amount of rotation about a vertical axis. A roll rate sensor 
58 generates a roll rate signal that is provided to con- 
troller 14. Roll rate sensor 58 provides an amount of 
rolling of the vehicle about the longitudinal axis of the ve- 
hicle. 

[0016] a tire pressure sensor 60 may provide an indication as to 
the pressure of each of the tires of the vehicle to con- 
troller 14. Tire pressure sensor 60 may actually comprise 
individual pressure sensors coupled to each of the wheels 
or may be a derived sensor generated from the anti-lock 
braking system in an indirect method as is known to those 
skilled in the art. Each of the signals from each of the tire 
pressure sensors, if so equipped, is provided to the con- 
troller 14. A sudden loss of tire pressure may provide 
control issues to be compensated by controller 14. 



[0017] other sensors 62 may be included in vehicle inputs 50. 

Other sensors 52 may include pitch rate sensors, pitch ac- 
celeration, the position of the steered wheels at the road, 
lateral acceleration, and the like. Some of these signals 
may be somewhat duplicative of the signals provided by 
the GPS receiver 16. Should such a conflict exist, one or 
the other may be used depending on reliability considera- 
tions. 

[0018] Controller 14 may also include a road condition input 70. 
Road condition input 70 may include inferential sensors 
such as a temperature sensor 72 that provides the tem- 
perature of the ambient air from which the temperature of 
the road surface may be predicted. Road condition input 
70 may also be provided from a windshield wiper system 
74. Many windshield wiper systems include a rain sensor 
for detecting rain upon the windshield. Thus, if rain is de- 
tected upon the windshield, rain is present upon the road 
surface. Should the temperature be low enough and the 
windshield wiper system detects moisture, the moisture 
may be snow. Thus, road condition input 70 provides a 
road condition signal to controller 14 indicative of the 
road conditions. The road conditions may affect the de- 
sired or predicted path of the vehicle. A driving condition 



database 80 may also provide input to controller 14. Driv- 
ing condition database 80 is illustrated directly coupled to 
controller 14. Those skilled in the art will recognize that 
the driving condition database may also be included 
within GPS system receiver 16. Driving condition database 
80 may coordinate the position signal provided by the GPS 
system to a vehicle map so that the controller may deter- 
mine a desirable path relative to the map. Also, driving 
condition database 80 may determine or record driving 
conditions experienced often by the vehicle. For example, 
on a vehicle operator's ride to work certain parameters in- 
cluding vehicle speed and direction may be experienced 
often on various roads. These inputs may be used to gen- 
erate the desired path as will be further described below. 

[0019] Controller 14 may also include a voice command receiver 
84. Voice command receiver 84 may allow the vehicle op- 
erator to activate or deactivate the device based on simple 
voice commands. Thus, if vehicle intervention is not de- 
sired, an end of intervention voice command may be pro- 
vided by the vehicle operator. Thus, the voice command 
receiver 84 may provide voice recognition to generate 
precoded signals to controller 14. 

[0020] An audible indicator 88 may also be coupled to controller 



14. Audible indicator may be a warning buzzer interior to 
the vehicle or a horn exterior to the vehicle to provide the 
vehicle operator or other vehicle operators as to an unsta- 
ble condition within the vehicle. 
[0021] a visual indicator 90 such as a warning light, a navigation 
system display, or an instrument panel display may be 
controlled by a control signal from controller 14 in re- 
sponse to an unstable condition. Visual indicator 90 may 
also include an exterior visual indicator such as flashing 
headlamps. 

[0022] Controller 14 may be coupled to an intervention module 
100. Intervention module 100 may be a separate module 
or be incorporated into various operating systems of the 
vehicle. Intervention module may, for example, generate a 
speed restriction signal 102, a suspension center of grav- 
ity recovery signal 104, a steering recovery signal 106, 
and/or a gas tank load shift signal 108. Speed restriction 
signal 102 may provide a speed limiting signal to the en- 
gine control or electronic throttle positioning system to 
restrict the overall speed of the vehicle. The suspension 
center of gravity recovery signal 104 may lower or raise 
the suspension components such as a shock absorber to 
change the center of gravity to maintain control of the ve- 



hide. Steering recovery signal 106 may include changing 
the steering position in a hydraulic or electrical steering 
system. For example, a steering input change may be pro- 
vided to a steer-by-wire type system. 

[0023] a gas tank load shift signal 108 may be used to change 
the position of baffles or bladders within a gas tank to 
shift the center of gravity to a desired position. 

[0024] | n operation, the present invention is based upon a chaos 
theory. The modeling provided uses probability, statistics, 
and an acknowledgement of uncertainty to govern both 
driver warnings and module intervention during radical 
motion events. The driver warnings provided from the 
controller 14 may be issued during risky maneuvers and 
hazardous driving conditions to prevent the vehicle from 
reaching unsafe driving conditions. Intervention may be 
provided when the practical operating limits have been far 
exceeded and the vehicle is not operating safely within 
recognized operating parameters. The controller 14 seeks 
to look ahead using the GPS system receiver 16 to deter- 
mine a desired path of the vehicle. 

[0025] Referring now to Figure 2, the control system operates by 
first receiving global position system data in step 120. 
Global position data may be generated from the position 



signal 20 of global position system receiver 16 of Figure 
1. In step 122 various vehicle input data is provided from 
vehicle inputs 50. Vehicle inputs may include various con- 
ditions including but not limited to vehicle speed, longitu- 
dinal acceleration, lateral acceleration, yaw rate, roll rate 
and tire pressures. In step 124 the driver inputs from 
driver input 40 is determined. The driver inputs may in- 
clude steering wheel angle, acceleration pedal position 
and brake pedal position as described above in Figure 1. 
In step 126 a predicted path is generated based upon the 
driver inputs 40 and the vehicle inputs 50. The predicted 
path may also take into consideration road condition input 
70. In step 128 a desired path for the vehicle is deter- 
mined. The desired path may take into consideration the 
road condition input 70 and the position lateral velocity, 
longitudinal velocity, the pitch angle and yaw angle sig- 
nals from the global positioning system receiver 16. In 
step 130, a comparison is performed between the pre- 
dicted and desired path. Although a direct comparison 
may be performed in step 130 of the desired path and 
predicted path, the chaos theory may provide for the use 
of a linear regression model to determine the amount of 
colinearity existing relative to the predicted path. The de- 



sired path may be represented as a line within a collinear 
type system and deviation from the system based upon 
the predicted path may warrant the generation of warning 
signals or driver intervention. 
[0026] chaos theory is a model that may be used to predict the 
possible movements of the vehicle in rollover risk inci- 
dents. There are so many different possible outcomes, 
given the dynamics of each rollover risk factor that only 
the probability of outcomes can be given with some 
amount of certainty. Going off the road or into a ditch or 
shoulder also introduces a radical new set of dynamics 
that could lead to a rollover. There is a predictive way to 
model possibilities and outcomes of catastrophic events 
from the database, and then to compare them to data re- 
ceived from the sensors. A knowledge base of these out- 
comes are loaded into the controller or database of driv- 
ing conditions. As the vehicle continues to move, the 
database learns and thus the conditions are continuously 
modeled. 

[0027] By utilizing an active comparison of where the vehicle is to 
where it should be (predicted path versus desired path), 
the interactive features of the system may provide the 
driver with a warning to tell the driver how fast the vehicle 



should be going and the best steering action while travel- 
ing. It is possible for the warning module to compare what 
the sensors are reading versus ideal sensor readouts for 
any given stretch of road. The warnings and interventions 
may then be tailored for the route, the topography, and 
the driver actions. Active warnings and intervention based 
on road conditions, collision imminence, pitch and roll 
readouts, speed, and over and under steering relative to 
the driver's current lane. The warnings and interventions 
may be initiated based on rate of change to a base posi- 
tion and then compared to the GPS location. 
[0028] The system may also have a lag time and delay that would 
amount to a debouncing of signals and inputs prior to the 
initiation of driver warnings and intervention. The system 
may perform a constant comparison of an ideal trip versus 
the driver's interactions, along with speed, turning, lane 
drifting, collision avoidance, and upcoming road hazard 
feedback. The system in its comparison may use a predic- 
tive approach to driving, slowing down, curves ahead, ob- 
ject ahead warnings and allow timely intervention through 
driver actions. 

[0029] a specific set of equations would be refined in a system 
according to road testing of the vehicle. Different vehicles 



having different driving characteristics based on vehicle 
size, tire size, suspension configuration, steering system 
configuration and other vehicle-to-vehicle variables. A 
general set of algorithms illustrating the idea is: 
[0030] Confidence intervals for maneuvering, based on scaling 
the factors for driving risk may be set forth as: 

e' p =l/(D/n)^I e a e y e ^D = Za t 2 

The scaled effects 6' s are the sum of the squares (D) of the 
number (n) of the number of data readings used in the 
calculations of the averages. If the sum of the scaled ef- 
fects exceeds a rate of change for the "normal" value of 
the scaled effects versus the expected effect, a driver 
warning is issued. 

Confidence intervals for n number of factors can be esti- 
mated using the general equation: 

9' s - tc /2 s e < 0 S < 6' s + tot/ 2 s t , 

[0033] Colinearity exists when much of the data is a repeated set 
of points. High number variable colinearities will be ap- 
proximately linear dependencies until a significant event 
alters the distribution of data points. Colinearity will exist 



[0031] 



[0032] 



if the vehicle is going uphill, downhill, or on a level plane 
as well as during a smooth curve travel. It will vary radi- 
cally, however, during a road incident such as a tire blow 
out or hitting a pothole. A blowout will not allow the vehi- 
cle to recover to a colinear set of conditions. Hitting a 
pothole will see the vehicle rapidly recover to a normal set 
of curves. To see the relationship, a fixed ridge parameter 
(k) would be set by dividing least square estimates of the 
accelerometer data points into the accelerometer least 
means squared errors: 

K = ps e 7(ZPj = 1 (b*) 2 ) 

[0034] Finally, using a standard linear regression model, speed 
(V), pitch (3), and yaw(Y) could be colinearly related and 
warnings could be issued if an estimated error, e, were 
exceeded (where i = l,2,3,...n) : 

V, = p 0 + fry, + e, 

[0035] Thus, if the comparison based upon the linear regression 
model warrants, a warning may be generated in step 132. 



The warning generated may be audible, visual, or a com- 
bination of the two. Also, as mentioned above with re- 
spect to Figure 1, the audible and visual warnings may be 
external to the vehicle or internal to the vehicle. In step 
134, should be the comparison predict a greater deviation 
from the predicted path such as beyond a threshold for 
generating warnings, driver intervention may be applied in 
step 134. As mentioned above, driver intervention may 
take the form of a driver intervention module 100 and 
various types of intervention due to the conditions may be 
provided. For example, the speed restriction, suspension 
center of gravity recovery, steering recovery, and gas tank 
load shifting may all be provided together, individually or 
in various combinations. 
[0036] while particular embodiments of the invention have been 
shown and described, numerous variations and alternate 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



